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3 Signaleratios and Operational Approval
3.1 Operationapproval

Traffic signal operational approval s come in two forms:

i State TrafficcRoadway Engineer (STRE)
1 Region Traffic Engineer (RTE)

The RTE can approve any operation on state highways. The STRE has delegated some
authority to the RTE. For more information on what design features require ST RE or RTE
approval, consult the ODOT Traffic Manual . The ODOT Traffic Manual also contains valuable
information on many ODOT traffic policies, including the process for obtaining the necessary
traffic signal operational approvals. The ODOT Traffic Signal Policy and Guidelines also
contains information on signal operations and approval. These two docume nts can be viewed
online at engineering manuals website:

https://www.oregon.gov/odot/Engineering/Pages/Manuals.aspx?wp7138=1:100

Region Traffic is responsible for processing any necessey signal operational approvals; all RTE
approvals are completed by Region Traffic and all requests for STRE approval are submitted by
Region Traffic to the STRE for completion. The signal designer isresponsible for obtaining a
copy of the operational approval and designing the signal according the requirements as stated
within . Contact either the Region Traffic or the Traffic-Roadway Sectionto obtain a copy of the
operational approval.

r 1

NOTE: Theoperational approval is not the design approval of the plans and

specifications. See Chapter 2 for information on design approval.
Regardless of who the operational approval is from, the signal designer needs this
information before design work is started. Operational approvals generally come in the form
of a letter which will outline specific constraints and parameters to be used in the design of the
traffic signal. They are accompanied by an engineering study requesting approval and the
Preliminary Signal Operations Design (PSOD) form. This form provide a quick glance
summary of the operational requirements, which is useful during the design process. The full
engineering study is available upon request if more in-depth information regarding the
operational requirements is desired. See section3.10for examples of operational approvals.
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The operational approval letter typicall y contains the information lis ted below, as applicable to
the project:

1 Specific location (Highway, Milepoint, County )

1 Number of lanes & lane use for eachapproach

1 Normal Phase Rotation

1 Crosswalk closures

1 Opening of an existing closed crosswalks

1 Traffic Signal Communications (Interconnect)

1 Emergency preemption

1 Railroad preemption

9 Transit priority

9 Other unique requirements (e.g. the signal at 1stand Main must be removed before the

construction of a new signal at 2" and Main)

NOTE: Failure to have aroperational approval or failure to have a signal plan that
matches the operational approval is a fatal flaw and will result in major delays to the
project.

It is critical that the signal design, roadway geometry, signing, and striping at the intersection
match the requirements shown in the operational approval. Any discrepancies between the
design plans and the operational approval must be resolved by either a revision to the
operational approval or by modifying the design plans.

3.2 Number dfanesand Lanbse

The number of lanes and lane use needed for each approach of the intersection will be detailed
in the engineering study and shown in the PSODform that accompaniesthe STRE or RTE
operational approval letter . Depending on the type of project, projected traffic volumes, and
phasing requirements, there are a couple of options:

1 No change to the existing number of lanes,

1 No change to the existing number of lanes, but a change to the existing lane use
9 Increase in the existing number of lanes; or

9 Decreasein the existing number of lanes.

If changes to the number of lanes are necessary on theproject, it is important to be in
communication with the roadway designer early on in the process as the roadway design is the
foundation of the signal design. Also, communication with the striping designer and the sign
designer will be important.

If changes to existing lane use (but not to the existing number of lanes) are necessary orthe
project, it is important to be in communication with the striping designer and the sign designer
early on in the process as these types of changes usually necessitate the need for a striping plan
and a signing plan.

January2022 Page3-2



TraffiecRoadway Section
Traffic Signal Design Mardfilgnal Operations & Operational Approval

3.3 NormaPhag Rotation

In order to design a traffic signal, a basic understanding of traffic operations and phasing is
required. The phasing and operation of the traffic will also be shown on the plan sheets. For
more detailed information, the following resources should be consulted:

1 StateTraffic Operations Engineer
1 Region Traffic Operations Engineer
I ODOT Signal Timing Policy

The phasing of the traffic signal is shown on the signal plans. Figure 3-1 shows a typical 8-
phase signal configuration and Figure 3-2 shows the corresponding ring & barrier diagram .
Typical 8-phase signal configurations have the following characteristics:

1 Protected left turns are odd numbered phases (@1, 23, g5, and &7).

9 Through movements and permissive right (or left turns) are even phases (22, 24, 6, and
28). Typically , phase 6 is mainline northbound (or westbound).

1 Pedestrian phases are even phases corresponding to the compatible through phase (ped
2, ped 4, ped § and ped 8).

1 The main line through phases are 2 and 6, with corresponding left turn phases 1 and 5.
The sum of the phases for each mainline agproach equals 7 (2+5=7and 1+6=7).

1 The side street through phases are 4 and 8, with corresponding left turn phases 3 and 7
The sum of the phases for each side seet approach equals 11 (4+7=11, an8+8=11).

Figure 3-1 | Standard 8-Phase Signal Configuration
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3.3.1 Ring and Barrier Diagram

Modern U.S. practice for signal control organi zes phases by grouping them in what is called a
ring and separating the crossing or conflicting traffic streams with time between when they are
allowed to operate, either by making the movements sequential or adding a barrier between the
movements.

A ring consists of two or more sequentially timed and individually selected conflicting phases
arranged so as to occur in an establisted order. In Ring A of the Normal Phase Rotation
diagram shown in Figure 3-2, phase 1 must terminate prior to phase 2, which must terminate
prior to phase 3, which must terminate prior to phase 4, which must terminate prior to
returning to phase 1. The majority of traffic signals use two rings.

Barriers assure there will be no concurrent selection and timing of conflicting phases for traffic
movement in different rings . Both ring A and ring B cross the barrier simultaneously to select
and time phases on the other side These barriersseparate the mainline phases g1, 25, g2, and
26) from the side street phases §3, @7, @4, and 28). In this example, phase 2 and 6 must
terminate at the same time before the next phases 3 and g7) can be serviced Similarly, phase
4 and phase 8 must terminate at the same time before the next phasesal and g5) can be
serviced. There is no barrier between phases 1 & 5and 2 & 6; therefore, phase 1 and 5 do not
have to terminate at the same time. If phase 1 terminates prior to phase 5, the next phase in
Ring A may be serviced (phase 2), resulting in phase 2 and 5 being serviced together.Using this
same logic, compatible phases canbe determined. For example: phase 1 may operate
concurrently with phase 5 and phase 6 (but not with phase 2 which is in the same ring as phase
1, and not with any phases located beyond the barrier: 3, 4, 7 &8), phase 2 may operate
concurrently with phase 5 and phase 6 (bu not with phase 1, 3, 4, 7, &8), phase 8 may operate
concurrently with phase 3 and phase 4 (but not with phase 7, 1, 2, 5, &6)

Figure 3-2 | Standard 8-Phase Ring and Barrier Diagram

Ring A o
\\—‘———> v
<« —v\—————> A
N ‘
s Jle |7 |8 |
4 "{
/ Ring B / o
Barrier Barrier
NORMAL PHASE ROTATION

January2022 Page3-4



TraffiecRoadway Section

Traffic Signal Design Mardfilgnal Operations & Operational Approval

When reading a ring and barrier diagram, vehicular movements drawn with solid lines do not
have any conflicting movements asscaiated with them. In Figure 3-2 that would be phases 1, 3,
5, 7, and thru movements for phase 2, 4, 6, 8. Vehicular movements drawn withlarge dashed
lines have conflicting movements associated with them that require the motorist to yield during
a green indication (permissive movement). In Figure 3-2 that would be the right turn
movement for phases 2, 4, 6, and 8 (the conflictig movement that the right turn must yield to is
the associated pedestrian phase). Pedestrian movements are drawn with small dashed lines
with dual arrow heads, because pedestrians can move either direction in a crosswalk. Barriers
are indicated by dual v ertical lines.

Depending on the operational requirements of the traffic signal, there can be many variations to
the phasing and signal timing, and some of these variations might change by time-of-day or
day-of-week. Itis important to obtain the current STRE or RTE approval and to work with the
Region Signal Operations Engineer regarding proper phasing. If the project has asignal that
will have multiple signal timing configurations based on time -of-day/day of week, only the ring
and barrier diagram that will be used the majority of the time is shown on the plan sheet
(multiple normal phase rotation diagram s are NOT shown on the plan sheet).

[ ]

NOTE: The main purpose of the Ring and Barrier diagram is to clearly show which
movements are compatible and which movements require conflict monitoring. This
diagram is critical for developing proper signal timing and the proper conflict monitor
configuration.
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3.3.2 Flashing Yellow Left Turn Arrow

The flashing yellow arrow display is the current standard fo r protected/permissive left turn
movements. The permissive phaseis shown in the opposing through phase box and labeled
? %8 » O FRigwre 3-3.

Figure 3-3 | Ring and Barrier Diagrams: Flashing Yellow Left Turn Arrow

" NORMAL PHASE ROTATION

" Flashing Yellow Arrow
shown and labeled in

_Qpposfng through phase box_./

3.3.3 Flashing Yellow Left Turn Arrow wHPENIOT

Flashing yellow arrow with NOT -PED refers totiming that restricts the permissive left turn

(flashing yellow arrow) from being served if the pedestrian phase crossing the lane used by the

permissive left turn is active (active ped phasesoptions include: 1.) the WALK indication only,

2)the6 +* UWDPOEPEEUDOOWEOOE WE wx OUUD O Kunditatiod, ori3utter 2 ' ( - &w
6 +*WPDOEPEEUDPOOWEOGEWUT 1T wi OUPUI wp+orexamplefifw# . - 7 3 w6+

x1 El UOUUPEOwxT EUI wi wbhUWEPUxOEaDPOT wUOT 1 we +* wuwbOEPEEU

indication), the phase 1 left turn indication will display a solid RED ar row.

The flashing yellow arrow NOT -PED timing feature is NOT shown in the ring and barrier
diagram as it is not a conflict that results in inappropriate signal operations if the flashing
yellow arrow and pedestrian phase are served together (MUTCD section 4D.17 paragraph 04
allows a permissive left turn phase and the pedestrian phase crossing the lane used by the
permissive left turn to be active at the same time). See Sectior3.3.2for how to show the ring
and barrier diagram.
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3.3.4 Vehicle Overl&hases

Overlap phases are typically associated with right turns and become beneficial when right turn
traffic volumes are high. They may also be used in other circumstances toaddress unique
intersection geometry or improve signal timing efficiency .
OwoOYIl UOExwxT EUIl wbUwWEUUDT O EwUOOwW? xEUI OUwxT EUI U? wU
the overlap phase is also green. For example, lhe parent phases for a right turn overl ap are the
adjacent thru phase (side street thru phase 8) and the non-conflicting left turn phase ( mainline
left turn phase 1). It is shown in each parent phase box and labeled with the appropriate letter
(A, B, C, D, etc.). Below the ring and barrier diagram in text, the overlap parent phases are
listed. SeeFigure 3-4.

Figure 3-4 | Ring and Barrier Diagrams: Overlap Phase
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NORMAL PHASE ROTATION

OLA s shown with each > OLA parent phases are

parent phase and labeled defined in text below
the ring & barrier diagram
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3.3.5 NotPed Overlap Phases

OOUT T UWEOOOOOWOY T UOE sxuEl? EUO Yui BUOUE B B Qud SihiEcou AU U1 E u
overlap when there is a conflicting pedestrian phase (the pedestrian phase locaed to the right of
the right turn lane). The new traffic signal software allows the controller to easily separate the
pedestrian phase from the right turn overlap, resulting in no conflicting phases and enabling
the use of asimpler signal indication.

Not-ped overlaps are shown by separating out the two possible conditions in the ring and
barrier diagram. Below the ring and barrier diagram in text, the non -ped overlap phase is
defined. SeeFigure 3-5.

Note: A not-ped overlap phases is NOT the same as a not-ped used with flashing yellow
arrow. See Section 3.3.3for information about flashing yellow arrow with not -ped.

Figure 3-5 | Ring and Barrier Diagrams: Not-Ped Overlap Phass
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Not-ped overlap is
defined with a parent
phase and a (=) ped phase
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3.3.6 Pedestrian Overlap Phases

Pedestrian overlap phases are typically used when the geometry of the intersection allows the

pedestrian crossing served by 2 (or more) phases, which can decrease the amount of waitime

for the pedestrian.

2POPOEVUWUOWUT T wYl T DEOI wOYI UGExwxT EUI OwUT T wxl ET UOU
xT EUIl U2 wUUET wOT E0wPT T O YT UwOT T wxEUI O0wxT EUTl wbUwl U
button has been activated), the overlap pedestrian phase is also active As shown in Figure 3-6

below, the parent phases for a pedestrian overlap that crosses a signalized right turn lane are

the non-conflicting mainl ine left turn phase (phase 1) and the non-conflicting side street thru

phase (phase 4.

The pedestrian overlap is shown in each parent phase box and labeled with the appropriate
letter (Ped A, Ped B, PedC, Ped D, etc.). Below the ring and barrier diagram in text, the
Pedestrian overlap parent phases are listed. SeeFigure 3-6.

Figure 3-6 | Ring and Barrier Diagrams: Pedestrian Overlap Phases

Note: Vehicle overlaps and pedestrian overlaps
are independent of each other (Vehicle Overlap
Jjust labeled “A” and Pedestrian Overlap labeled “Ped A”)

O IN— /
= 2$4. 3NF\ ﬁé
5/ s |7 _ ’ %

& Ph.3
& Ph.4
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<Ded Overlap A is shown with eac@ OLA and Ped A parent phases

parent phase and labeled “Ped A”. are defined in text below
the ring & barrier diagram
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3.3.7 Split PhaegExclusive Phases

Split phasing describes an operation where all movements on one approach are served prior to
all movements on the opposing approach. This is typically used if the geometry of the
intersection, traffic volumes and/or crash history creates a conflict with normally non -
conflicting movements. Split phasing requires STREOperational approval . Use of split
phasing requires specific signal indications depending on the lane use. See Chapter %or signal
head layout examples.

Split phasesmay be shown as eithersequential without a barrier or sequential with a barrier.
SeeFigure 3-7. However, there are cases where exclusive phases shall be shown with a barrier
to avoid confusion. SeeFigure 3-8.

Figure 3-7 | Ring & Barrier Diagrams: Exclusive Phasethat can be shown with or without a
barrier

Ph 4 & Ph 8 are exclusive. Sequential
operation without a barrier is sufficient if
a single phase follows the exclusive phase.

e A
— 4 N\[s

A\ Y

N f

6 —|5 )

NORMAL PHASE ROTATION

@am‘er s also accepfab@

A e
- 4 Nle )

A\ A\

N f

6 —|5 )

NORMAL PHASE ROTATION
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Figure 3-8 | Ring & Barrier Diagrams: Exclusive Phases that shall be shown with a barrier
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with a barrier to make it clear that
Ph 2 is NOT compatible with Ph 6
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3.3.8 Incompatibléeft Turn Phases

Opposing left turn phases are typically compatible, however if the intersection geometry cannot
accommodate the truck turning templates from opposing left turns concurrently, then the left
turning phases must be separated from each other (either by split phasing the approaches, See
Section 3.3.7, or by lead-lagging the left turn phases and maintaining separation between them).
If the lead-lag method is used, it is shown by a physical separation of the ring and barrier phase
boxes. It may also be noted in text, below the ring and barrier diagram , if extra emphasis is
desired. SeeFigure 3-9.

Figure 3-9 | Ring & Barrier Diagrams: Incompatible Left Turn Phases
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3.3.9 Multiple Intersectionssinga Single Controller

Two intersections are sometimes operated with a single controller if the intersections are very

close together. The intersection of a divided highway typically operates like two very closely

spaced intersections using a single controller. The ring and barrier diagram should combine

both intersections into one ring and barrier diagram, wit T wl EET wbOUIl UUI EUPOO7z UwWE U
in the phase rotation boxes. SeeFigure 3-10, Figure 3-11, Figure 3-12.

Figure 3-10 | Ring & Barrier Diagrams: Multiple Intersections With a Single Controller, Example 1
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Figure 3-11 | Ring & Barrier Diagrams: Multiple Intersections With a Single Controller, Example2
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Figure 3-12 | Ring & Barrier Diagrams: Multiple Intersections With a Single Controller, Example 3
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3.3.10Dummy Phases

A dummy phase is defined as a phase that does not have an output, but is still used in the
controller software to achieve a certain operation. Typical applications are complex geometry
with overlaps (seeFigure 3-13) and one-lane, two -way temporary traffic signals (seeFigure
3-14). The movements(or all-red time clearance time, in the case of a ondane, two-way
temporary traffic signal) are shown in the appropriate phase block. Below the ring and barrier
diagram in text, the dummy phases are listed. SeeFigure 3-13and Figure 3-14.

Figure 3-13 | Ring & Barrier Diagrams: Dummy PhasesExample 1

PedA <o A | &
N | 4
-
2 " 4 |
[ — |
G A v
Bridge Basin St. Bridge
D . PedA+ i
N 4) I N
— \ ! x A
5 J 6 7Nl —
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v p— >
Bridge Bridge Basin St. Basin St.

OLA = Ph.2 & Ph.8
Ped A = Ph.2 & Ph.8

Dummy Phase = Ph.8

NORMAL PHASE ROTATION

The dummy phase is listed below
rotation diagram, indicating no output
is associated with phase 8.

In the phase 8 (dummy phase) block,
None of the movements are designated
as ph. 8. All movements are all designated
as another output (Ped A and OLA).

Figure 3-14 | Ring & Barrier Diagrams: Dummy Phases, Example 2

I 6 3 8

Red Clearance
Phase

\

-
Red Clearance
Phase

Dummy Phase = Ph.6 & Ph.8
NORMAL PHASE ROTATION

Dummy phases do not
have a field output.

Note:

With current software, dummy phases may not be required to provide a red
clearance interval (This phasing was used with older software that had limited
red clearance timing, which necessitated a dummy phase in order to provide
the proper amount of red clear time).Confirm with the Region Signal Timer.
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3.3.110verlap Phase With Green Extensio®Glear

Overlap phases are typically timed to start and end their GREEN phase in sync with their
parent phases. For certain complex intersection geometries, it may be necessary to extend the
overlap phase GREEN after the parent phase is terminated to clear out the intersection. If the
overlap phase GREEN extensionclear-out is documented in the operational approval, it is not
shown in the ring and barrier diagram, but should be noted below in text. SeeFigure 3-15and
Figure 3-16.

Figure 3-15 | Overlap Clear Out Interval Example 1

OLA=Ph.2&Ph.8
OLB=Ph.4 & Ph.6
OLC=Ph.5&Ph. 8
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NORMAL PHASE ROTATION /||
|
|
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Figure 3-16 | Overlap Clear Out Interval, Example 2
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3.4 Emergency Preemption

When an emergency service provider is granted permission (by ODOT) to use emergency
preemption, the traffic signals within the geographic area of service will require emergency
preemption. The majority of ODOT signals are within areas requiring emergency preemption .
To check if an area has permission to use emergency preemptiongcontact the State Traffic
Operations Engineer.

Emergency preemption alters the normal phasing of the traffic signal to allow green indications
for an emergency vehicle (typically fire or ambulance) approaching the intersection. This is
shown on the signal plan sheet. Figure 3-17 below shows the standard channel assignments for
fire preemption operation :

1 Channel A=phase2 &5
1 Channel B =phase 4 & 7
 ChannelC=phase6 &1
1 Channel D = phase 8 & 3

Figure 3-17 | Standard Fire Preemption Channel Assignments

’J _—
Ph 5

Ph 1
— f

CHANNEL A CHANNEL B CHANNEL C CHANNEL D
FIRE PREEMPTION OPERATION

©

o

When reading a fire preemption operation diagram, all vehicular movements are drawn as solid
lines, indicating that that movement is protected (no conflicting movements requiring the
motorist to yield). Pedestrian phases are not serviced during preemption.

There are times when non-standard channel assignments are preferred, such as an intersection
that requires use of only two channels. SeeFigure 3-18. This is due to the termination layout

for the fire preemption discriminators located inside the controller cabinet. Each discriminator
is able to monitor up to two channels. One discriminator is always used for Channels A & C,
and one discriminator is always used for Channels B & D. To save the expense of installing two
discriminators for only two channels (using the standard channel assignments), the phases
assigned tothe channels will be reassigned in the controller software, thus only requiring one
discriminator . For example, if an intersection only had phase 2 and phase 4 (downtown, one-
way grid system), channel A should be assignal to phase 2 and Channel C shouldbe reassigned
to phase 4(uses ldiscriminator ) vs. Channel A being assigned to phase 2 and Channel B being
assigned to phase 4 $tandard channel assignment, uses 2discriminators ).
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Figure 3-18 | Two Channel Fire Preemption Channel Assignments
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3.5 Railpbad Preemption

If a signalized intersection is located within 215 fe et of a rail crossing, rail preemption is
required. If a signal requires rail preemption, a Rail Crossing Order is needed. The rail crossing
order will state specific design and operational requirements that must be met.

Rail preemption alters the normal phasing of the traffic signal to allow pedestrians to clear the
intersection and vehicles to clear the tracks prior to the train arrival. This is the highest order o f
preemption and takes precedence over all other forms of preemption. See Chapter 1&for more
in-depth discussion on rail preemption operation and how it is depicted on the plan sheets.

3.6 Transieriority

In large metropolitan areas, there may be a need toaccommodate transit priority on the traffic
signal within the geographic area of service.

Transit priority does not have the ability to alter the normal phasing of the traffic. Instead,
transit priority just alters the cycle of the normal phasing, typically by either extending or
delaying green time for the appropriate approach to allow minimal to no delay for the transit
vehicle. Because transit priority does not alter the normal phasing, the operation is NOT shown
on the plan sheets (only contained within the signal timing sheets).
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3.7 Crosswalk Closures

Itis ODOT policy to provide pedestrian crossings for all approaches at a signalized intersection
unless an engineering study and STRE approval deem a crosswalk closure is necessary Often,
the needto close a crosswalk is due to unusual roadway geometry, certain lane use(such as
dual turn lanes), certain signal phasing (such as a single point urban interchange), and/or crash
history . Closing a crosswalk requires posting signs in a specific way. The details for this
signing are typically shown on the signal plan. Seethe crosswalk sectionin Chapter 5 for more
information .

3.8 Traffic Signal Communications

Closely spaced signalsin a corridor typically require central or local communications for the
signals to function in a coordinated manner or to use responsive/adaptive signal timing . When
communications are required, either an interconnect plan or communication plan is needed.
See the Chapter7 for more information.

3.9 Other Unique Requirements

Other requirement may be listed on the operational approval , specific to the project. Some
unique requirements in the operational approval include the following:

Audible pedestrian signals

Channelized right turn lane control (yield, stop or signal control)
Non-traversable medians/island to restrict/channel turn movements
Advanced Flashing Beacons on signs

U-turns

3.10 Examples of Operational Approvals

Figure 3-19and Figure 3-20 show examples of operational approvals.

=A =4 =4 4 =4
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Figure 3-19 | Example 1:STREApproval
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